Introduction
============

Although minor head injury is not usually accompanied by complications, posttraumatic ischemic stroke after minor head injury has been reported on rare occasions. Such stroke appears more common in children and is characterized by infarction of the basal ganglia-internal capsule.^[@B1]--[@B7]^ Cerebellar infarction after minor head injury in adults has not been reported.

On the other hand, sports-related traumatic brain injury (TBI) such as concussion has recently become a topic of much discussion.^[@B8]--[@B17]^ Research has suggested that experiencing a second concussion before recovering from the first can lead to serious problems with thinking, attention, concentration, and other brain functions.^[@B10],[@B11],[@B13],[@B17],[@B18]^ Although repetitive mild head injury in sports is well known to increase risk for second-impact syndrome (SIS) in the short term or chronic traumatic encephalopathy in the long term,^[@B10],[@B13]--[@B17]^ repeated mild head injuries causing cerebral infarction in the short term have not been reported.

We describe a case of a young adult who developed cerebellar infarction after repeated minor head injuries incurred playing American football.

Case Report
===========

A healthy 23-year-old man suffered a helmet-to-helmet collision with an opponent during a game of American football. He immediately experienced transient blurred vision for a few minutes and mild nausea and dizziness, without amnesia. The symptoms improved within 15 min and the team director allowed him to return to play the next day. Three days later, he was again hit on the head while playing American football. He subsequently experienced continuous vomiting and dizziness. He visited our hospital 18 h after sustaining the second injury. On admission, he showed mild dizziness without cerebellar sign. Magnetic resonance imaging (MRI) revealed acute infarction in the right cerebellar hemisphere ([Fig. 1A--D](#F1){ref-type="fig"}), and magnetic resonance angiography (MRA) revealed stenosis of the right superior cerebellar artery (SCA) without vertebral artery (VA) dissection ([Fig. 2A](#F2){ref-type="fig"}). Although vasculitis, autoimmune diseases, encephalitis, and cardiogenic cerebral embolism were considered, laboratory and cardiac investigations yielded normal results. We therefore diagnosed cerebellar infarction due to traumatic arterial spasm or dissection of the SCA and started conservative treatment. Dizziness gradually improved, and MRA 3 days after the second injury revealed improved stenosis of the right SCA ([Fig. 2B](#F2){ref-type="fig"}). Vertebral angiography 7 days after the second injury demonstrated no abnormalities ([Fig. 3A--C](#F3){ref-type="fig"}). The patient was discharged home, after 2 weeks, without neurological deficits. Follow-up MRI and MRA 3 months after the second injury revealed old infarction in the right cerebellar hemisphere without vascular abnormality ([Fig. 2C](#F2){ref-type="fig"}).

Discussion
==========

Although posttraumatic cerebral infarction is a well-recognized complication in patients with severe head injury, cerebral infarction after minor head injury has been reported on rare occasions. Such stroke appears more common in children and possible mechanisms include traumatic vasospasm, endothelial lesion, or dissection.^[@B1]--[@B7]^ In body contact sports, head hits are common, and ischemic stroke after sport-related head injury has been reported only in children.^[@B19]--[@B22]^ In such cases, sports-related trauma leading to arterial dissection with resulting thromboembolism is suspected to represent an important mechanism leading to stroke.^[@B19]--[@B22]^ Generally speaking, ischemic stroke after minor head injury in adults is uncommon regardless of cause of injuries.

Cerebellar infarction after head injury is usually caused by VA injury such as dissection.^[@B23]--[@B28]^ In those cases, severe head or cervical injuries resulting from events such as traffic accidents or falls cause cerebellar infarction secondary to VA injury accompanying cervical hyperextension, head rotation, or cervical spine fracture.^[@B23]--[@B28]^ In children, even minor head injuries can cause cerebellar infarction secondary to VA injury.^[@B23],[@B24]^ On the other hand, cerebellar infarction without VA injury has been reported.^[@B25],[@B29]^ In such cases, severe local trauma with instantaneous deformity of bone may result in injury to the cerebellar cortical artery, leading to cerebellar infarction under the occipital bone.^[@B25],[@B29]^

In the present case, no VA dissection was detected and the injury was not severe; therefore, the mechanism of cerebellar infarction was neither secondary to VA injury nor involving cerebellar cortical artery injury, as previously reported. Due to the stenosis of the SCA on MRA, we initially diagnosed traumatic arterial spasm or dissection of the SCA causing cerebellar infarction. At present, we consider that arterial spasm of the SCA rather than dissection of the SCA may have caused infarction, because of the transient nature of SCA stenosis on MRA. Although there remains much contention over the existence of trauma-induced arterial spasm in the absence of arterial wall damage, several reports of traumatic arterial spasm have been reported.^[@B30],[@B31]^ Previous reports of cerebral infarction after minor head injury have reported that rapid time course, recurrent and transient symptoms, and reversible imaging changes are consistent with intermittent arterial spasm.^[@B5]--[@B7]^ They would support our hypothesis.

In general, posttraumatic vasospasm is a delayed complication that involves the large basal intracranial arteries and causes ischemic damage following moderate to severe head injury.^[@B32]^ Intradural bleeding extends into the cerebrospinal fluid and plays a role in the pathogenesis of vasospasm.^[@B32]^ In the present case, the injury was mild and no intracranial hemorrhage occurred. The pathophysiology may thus differ from that of general posttraumatic vasospasm. Symon has reported an experimental evidence that trauma to the cerebral artery can lead to arterial spasm.^[@B33]^ Moreover, Haug has reported that external mechanical stimulation caused by neighboring tissues or transmitted shockwaves may cause arterial spasm.^[@B30]^ In American football, head impacts can cause linear or rotational acceleration.^[@B9],[@B11]^ Such acceleration may have forced the SCA against neighboring tissues such as the tentorium or may have injured the SCA directly. The repeated impacts in the short term may have caused arterial spasm of the SCA.

In our case, after first injury, the patient experienced transient blurred vision, dizziness, and nausea. These symptoms indicated that the first injury caused concussion. Although the majority of concussions resolve within 7--10 days,^[@B15]--[@B17]^ dizziness at the time of injury was found to be the greatest predictor in football players for a recovery taking longer.^[@B15]^ In the present case, potential brain damage might not have resolved fully in spite of transient dizziness. Because the patient was again hit on the head 3 days after the first injury, there is a possibility that the second concussion before the first concussion has properly healed may cause arterial spasm. A second injury before the brain has recovered results in worsening cellular metabolic changes in animal laboratory models.^[@B15],[@B18]^ Repeated mild head injuries may cause cumulative damage to the medial smooth muscle cells and result in arterial spasm.

In general, there are potential health risks of returning an athlete with persistent symptoms to play including the possibility of SIS or diffuse cerebral swelling, and increased susceptibility to a recurrent or more severe concussion and prolonged duration of symptoms.^[@B15]^ Hence, the cornerstone of concussion management is physical and cognitive rest until the acute symptoms resolve.^[@B15]^ Once concussion is diagnosed, an athlete should not return to play on the same day. An athlete must be asymptomatic prior to return to play, and should take a graduated return to play protocol lasting around 1 week.^[@B14]--[@B17]^ In the present case, symptoms improved within 15 min and the team director allowed him to return to play the next day. The team director should have referred to a clinician with experience in managing athletes with concussion and the patient should have been controlled in graduated return to play. Prevention of the concussion is probably the most important issue, and athletes themselves need to consider how they can prevent a head injury.^[@B10]^ Moreover, we keep in the possibility that a second head injury in the short term may cause a special TBI as in this case.

![A, B: Diffusion weighted image on admission (18 h after the second injury) revealed acute infarction in the right cerebellar hemisphere. C: Fluid-attenuated inversion recovery image on admission demonstrated the infarction as a slightly high intensity lesion. D: Sagittal T~1~-weighted image on admission revealed a hypotense lesion just below the tentorium (*arrow-heads*), indicating that infarction occurred in the territory of the right superior cerebellar artery.](nmc-55-179-g1){#F1}

![A: Magnetic resonance angiography (MRA) on admission revealed stenosis of the right superior cerebellar artery (SCA) (*arrows*) without vertebral artery dissection. B: Follow-up MRA 5 days after the second injury revealed improved stenosis of the right SCA (*arrow*). C: Follow-up MRA 3 months after the second injury revealed no abnormality.](nmc-55-179-g2){#F2}

![A, B: Vertebral angiograms 7 days after the second injury, lateral view, demonstrated no abnormality such as vertebral artery dissection (A: right side, B: left side). C: Right vertebral angiogram, anteroposterior view, demonstrated no abnormality of the right superior cerebellar artery (*arrow*).](nmc-55-179-g3){#F3}
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